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We, DowTY Hydraulic Units Limited, 
a British Company, of Ashchurch, Near 
Tewkesbury, in the County of Gloucester, 
and Unipat A.G., a Swiss Company, of 
Glarus, Switzerland, do hereby declare the 
invention for which we pray that a patent 
may be granted to us and the method by 
which it is to be performed, to be particu- 
larly described in and by the following 
statement : — 

This invention relates to hydraulic pumps 
or motors of the kind which include a rotary 
drive shaft and a rotary cylinder block 
mounted to rotate about an axis which is in- 
clined to the drive shaft axis. In some pumps 
or motors the angle between the two rota- 
tion axes is fixed and these are known as 
tilted head pumps or motors and in other 
pumps or motors the rotary cylinder block 
may be carried in a tillable yoke so that the 
inclination between the rotation axis of 
the cylinder block and the drive shaft 
may be varied. These types of pumps 
or motors are known ai tilting head 
pumps or motors. The dimensions of such 
pumps or motors in a direction parallel to 
the drive shaft axis is usually quite large 
compared with any other dimension and 
these disproportionate dimensions are a dis- 
advantage in what is otherwise a very com- 
pact kind of pimip or motor. 

In accordance with the present invention 
a pump or motor unit comprises a plurality 
of pumps or a plurality of motors each in- 
cluding an individual drive shaft and a ro- 
tary cylinder block rotatable about an axis 
inclined or inclinable to its drive shaft axis, 
the plurality of pumps or motors being simi- 
larly mounted with their drive shaft axes 
parallel to one another and with their cylin- 
[Price^s.6d.] 



der block rotation axes parallel to one an- 
other, and a gear train interconnecting all 
the drive shafts for similar rotation speeds. 

A main drive shaft separate from the 
pump or motor drive shafts may be pro- 45 
vided connected to the pump or motor drive 
shafts by gearing associated with the gear 
train. 

Where the cylinder blocks of a pump or 
motor unit are mounted for tilting move- 50 
ment relative to their drive shafts it is ar- 
ranged that the axes of the blocks remain 
mutuaDy parallel during such tilting move- 
ment. 

The blocks may be mounted for tflting 55 
movement about individual dlt axes which 
are parallel to one another and in such case 
at least one link may be provided pivotally 
interconnecting the mountings of the cylin- 
der blocks to maintain the cylinder blocks 60 
with their axes mutually parallel. 

In order that the invention may be clearly 
understood two embodiments thereof will be 
descnbed with reference to the accompany- 
ing drawings, in which 

Figure 1 is a cross-section through the first 
embodiment. 

Figure 2 is a cross-section on the line 
11— II of Figure 1. 

Figure 3 is an end elevation of the em- 70 
bodiment shown in Figure 1, 

Figure 4 is a cross-section through the 
se^nd embodiment of the invention, and 

Figure 5 is a cross-section on the line 
V— V of Figure 4. 75 

Reference is made initially to Figures 1. 
3 of the accompanying drawings In 
this embodhnent each pump or motor used 
is of the tilting head variable displacement 
type as shown in our prior patent No. 80 
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824,945. Two pumps or motors indicated 
generally at 1 and 2 are employed and for 
convenience the pump or motor 1 only will 
be described in detail. This pump or motor 
includes a bearing housing 3 enclosing a 
drive shaft 4 and locating the drive shaft 
therein by means of a pair of radial thrust 
bearings 5 and 6 and an axial thrust bearing 
7. One end of the bearing housing 3 in- 
cludes a flange 8 grooved to receive a rub- 
ber ring 9 around its periphery, the flange 
being in slidable engagement in a bore 11 
formed within a casing 12 which moimts 
the pumpsc or motors 1 and 2. The oppo- 
site end of a bearing housing 3 includes a 
pair of disc like projections 13 engaging 
within recesses 14 formed within tifting yoke 
15. The yoke is in the form of an almost 
complete casing having an opening 16 
through which the bearing housing 3 enters. 
The yoke is moxmted within the casing 12 by 
means of a pair of opposed trunnions 17 
about which the yoke is angularly movable 
over a limited range of angular movement 
Interiorly of the yoke the recesses 14 are 
co-axiaEy arranged with the trunnions 17 
so tiiat angular movement of the yoke 15 
about the trunnions causes as far as practic- 
able no movement of the bearing housing 
3, although of course it will be appreciated 
that due to errors in machining a slight an- 
gular and /or translational movement of the 
bearing housing 3 may occur. It is for this 
reason that the bearing housing is sup- 
ported within the casing by the flange 8 
so that it is capable of sliding and slight 
angular movement within the bore 11. 

Within the yoke 15 a cylinder block 18 
is mounted for rotary movement. The cylin- 
der block contains a plurality of cylinders 
19 parallel to the axis of rotation and at one 
ad~Jh6§e cylinders terminate in ports 21 



in the yoke 15 in a drive flange 34 within 
which are socketed the opposite ends of the 
connecting rods 33» A constant velocity uni- 
versal joint 35 interconnects the drive shaft 
4 with the cylinder block 18 to drive the 
cyhnder block at the same speed as the shaft 
4 irrespective of the angular displacement of 
yok 15 about its trunnions. 

When rotational drive is supplied to the 
shaft 4 both the drive flange 34 and the 
cylinder block 18 rotate ^^nthin the yoke 15, 
Assuming that the yoke 15 has an angular 
position about its trunnion 17 as illustrated 
in Figure 1 such rotation will cause cyclic 
reciprocation of pistons 32 within cylinders 
19 causing flow of liquid through the pump 
between the pipe connections 27 and 28. 

Externally of the bearing housing 3 the 
drive shaft 4 of the pump 1 is joumaled 
within a bearing 36 within the casing 12 
and carries a gear wheel 37. The pump 2 
includes a drive shaft 38 projecting from its 
bearing housing which engages in a bearing 
39 formed within the casing 12 and carries 
a gear wheel 41. Extending from the cas- 
ing 12 through bearings 42 is a main drive 
shaft 43 suitably splined for driving con- 
nection to an engine or the like. Within 
the casing 12 the drive shaft 43 carries a 
gear wheel 44 in engagement with the two 
gear wheels 41 and 37. Conveniently the 
gear wheel 44 is greater in width that either 
the gear wheels 37 or 41 and these latter 
gears engage in axially spaced parts of the 
periphery of gear 44 to prevent excessive 100 
wear of the gear 44. 

In between the two bearing housings 3 of 
the pumps 1 and 2 a small gear pump 45 is 
located. The purpose of this gear pump is 
to maintain the pumps 1 and 2 prinie^jwith lOo 

liquid when i nuse.^ — 

---Ferthe-poTpose of adjusting displacements 
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m one 

Ilus end face is in contact with a valve sur- 
face 22 formed as part of the yoke, this valve 
surface including a pair of ports 23 and 24 
for co-operation with the ports 21. From 
the ports 23 and 24 passages 25 and 26 ex- 
tend through the walls of the yoke 15 to 
the trunnions 17. Externally of the trun- 
ions 17 pipe connections 27 and 28 carried 
by casing 12 effect hydraulic connection with 
the hydraulic passages, a rotary seal 29 be- 
ing provided in each case. Externally of 
the casing as seen more particularly in Figure 
3 the two connections, 27 on one side of 
the pump and 28 on the other side of the 
pump, are interconnected by connecting 
pipes 29 and 31 which form the supply and 
delivery pipes not necessarily respectively to 
and from the pump unit. 

Within each cylinder 19 a piston 32 is slid- 
ably mounted from which a ccmnecting rod 
33 extends through the open end of the 
cylinder. The drive shaft 4 terminates with- 



justable in parallel relation about the trun- 
nions 17. The pump 1 inchides a pin 46 110 
on its yoke whilst the pump 2 includes a 
pin 47 on its yoke. In between the pins 46 
and 47 a connecting link 48 extends being 
pivotaDy mounted on the pins 46 and 47. 
From the pin 46 a short link 49 extends op- 115 
positely to the link 48 for pivotal connection 
to a linearly movable plunger 51 extending 
from a servo motor 52 mounted in the cas- 
ing 12. The servo motor whose structure 
is quite conventional is controlled by means 120 
of a contral plunger 53 the arrangement be- 
ing such that linear movement of plunger 
53 into or away from the servo motor 52 
wil cause similar movement of the plunger 
51 but with substantiaUy greater power. A 125 
further function of the gear pump 45 is to 
supply hydraulic power for energisation of 
the servo motor 52. 

In operation of the pump unit, rotation 
applied to the drive shaft 53 will cause similar 130 
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rotations of the gear wheels 37 and 41 
which in turn will cause rotation of the drive 
shafts 4 and 38 of the pumps 1 and 2, Each 
pump 1 and 2 will displace liquid similarly 
5 and for example the two connections 28 may 
be inlet connections and the two connections 
37 may be delivery connections. The actual 
direction of flow of liquid through the pump 
win depend on the angular displacement of 

10 the yokes 15 about their trunnions 17. Snce 
the two yokes are connected togetiier for 
movement by the link 48 the two pumps will 
always have similar displacements and of 
course the two yokes will always occupy 

15 substantially parallel positions. In Figure 
I the two pump yokes are indicated in full 
lines at the limit of their angular movement 
about the trunnion 17 in one direction and 
are indicated in chain dotted lines at the 

20 limit of their angular movement in the op- 
posite direction. It will be seen that the 
yoke of pump 1 in the chain dotted posi- 
tion overlaps some of the space occupied 
by the yoke of pump 2 in the full line posi- 

25 tion. In other words by mounting the two 
pumps 1 and 2 together in a casing and 
arranging for the yokes to move in parallel 
relation it is possible to economise in the 
size of the casing and to use a casing of a 

30 total volume which is less than the total 
volume of the two separate casings capable 
of enclosing the pumps 1 and 2 separately. 
Further it will be seen that the dimension 
of the whole unit measured along the drive 

35 shaft is not disproportionately large com- 
pared with other dimensions of the unit. 

The total displacement of the two pumps 
1 and 2 might be said to be equivalent to 
the displacement of a single similar pump 

40 which has twice the volumetric capacity of 
either of the pumps 1 or 2 However, in 
practice it is possible to drive a smaller 
pump at a hi^er rotational speed than a 
larger but otherwise similar pump and . it 

45 can therefore be said that the unit illus- 
trated in Figures 1, 2 and 3 effectively has 
a displacement greater than a single pump 
of double the volumetric capacity of either 
of the pumps 1 or 2 by virtue of the fact 

50 that the individual pumps 1 and 2 can be 
driven at a higher speed than would a single 
pump of double the capacity. The speed 
of driving of the pumps 1 and 2 may be 
arranged as a result of the gears 37. 41 and 

55 44 to have any desired value relative to the 
speed of rotation of the drive shaft 43. 
Therefore it can be said that the total vol- 
ume of the unit showing the Figures 1, 2 
and 3 is substantially smaller than the total 

60 volume occupied by an equivalent single 
pump of double the capacity of either of the 
puinps 1 or 2 firstly by virtue of the fact 
that swinging movement of the yokes about 
the trunnion 17 enables the same space to 

65 be occupied by one or the other yoke and 



secondly by virtue of the fact, that the pumps 
1 and 2 may be rotated at a higher speed 
than an equivalent pump of double the 
capacity so that in fact the total capacity 
of pumps 1 and 2 may be less than the totSi 70 
capacity of a single pump capable of the 
same pumping rate as the pumps 1 and 2 
together. 

Reference is now made to Figures 4 and 
5 of the accompanying drawings. The ex- 75 
ample illustrated is a fixed displacement 
motor which comprises a casing 55 enclos- 
ing a pair of motors 56 and 57. Since both 
of the motors are exactly simikr the motor 
56 only will be described in detail. In the 80 
motor 56 a valve plate 58 is located in a 
chamber 59 of the casing. This valve plate 
includes a pair of ports (not shown) from 
which pipe connections 61 and 62 extend on 
opposite sides of the casing 55. Rotatably 85 
mounted on the vah^e plate 58 is a cylinder 
block 63 having a plurality of cylinders 64 
disposed parallel to the axis of rotation. The 
face of the cylinder block 53 which engages 
the valve plate 55 co-operates with the said 90 
ports in the valve plate so that the cylmders 
are connected alternately to these ports dur- 
ing rotation of the cylinder block. Within 
each cylinder 64 a piston 65 is sfidably 
mounted from which a connecting rod 67 95 
extends through the opening of the cylinder 
64. At their opposite ends the connecting 
rods 67 are secured by articulating joints 
into a rotary drive flange 68 integrally 
formed at the end of a drive shaft 69. The 100 
drive shaft 69 is mounted in Uie casing 55 
by four radial thrust bearings 70, 71, 72 and 
73 and an end thrust bearing 74. A uni- 
versal joint 75 interconects the drive flange 
68 with the cylmder block 63 to ensure that 105 
they rotate at the same speeds about their 
respective rotation axes. The chamber 59 
within which cylinder block 63 and valve 
plate 58 are located is so formed within the 
casing 55 that the rotation axis of cylinder 110 
block 63 is inclined to the rotation axis of 
the shaft 69 whereby rotation of shaft 69 
win result from reciprocation of piston 65 
within cylinder 64 as a result of liquid pres- 
sure being supplied to either of the connec- 115 
tions 61 or 62. 

At the end of the shaft 69 remote from the 
drive flange 68 a gear wheel 76 is located. 
The motor 57 is exactly similar to the motor 
56 with the exception that the gear wheel 120 

77 on its shaft is displaced axially to a small 
extent from the gear wheel 76. 

VfiXh'm the casmg 55 a further gear wheel 

78 is mounted for rotation on a main drive 
shaft 79 carried by suitable bearings (not 125 
shown) within casing 55. The drive shaft 

79 extends from the casing 55 whilst the 
two shafts 69 do not extend from the cas- 
ing. The gear 78 meshes with both gears 

76 and 77. the axial width of the gears 78 130 
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being such that gears 76 and 77 engage dif- 
ferent parts of its periphery thus preventing 
undue wear. 

The pipe connections 61 and 62 of each 
5 motor are connected in parallel to supply and 
return pipes not necessarily respectively 81 
and 82. 

Since the motors 56 and 57 are each cap- 
able of higher rotational speed than a simi- 

10 lar motor of larger dimensions it follows that 
the combined motors 56 and 57 are the 
equivalent to a single motor of more than 
twice the hydraulic capacity of each of the 
individual motors 56 and 57. Further it 

15 will be seen that the dimension of the whole 
motor unit extending along the drive shaft 
is not disproportionately large compared 
with other dimensions of the unit The pro- 
vision of gears 76, 77 and 78 for driving the 

20 motors 56 and 57 may be selected to match 
the operational speeds of the motors with 
the operational speeds of the load which the 
motor drives. 

WHAT WE CLAIM IS: — 

25 LA pump or motor unit comprising a 
plurality of pimips or a plurality of motors 
each including an individual drive shaft and 
a rotary cylinder block rotatable about an 
axis inclined or inclinable to its drive shaft 

30 axis, the plurality of pumps or motors be- 
ing similarly mounted with their drive shaft 
axes parallel to one another and with their 
cylinder block rotation axes parallel to one 
another, and a gear train interconnecting all 

35 the drive shafts for simOar rotation speeds. 
2. A piunp or motor unit as claimed in 
claim 1 including a main drive shaft separ- 



ate from the pump or motor drive shafts and 
connected thereto by gearing associated with 
the gear train. 40 

3. A pump or motor unit as claimed in- 
claim 1 or claim 2 wherein the rotary cylin- 
der blocks of the pumps or motors are 
mounted for tilting movement relative to the 
drive shafts, the block axes remaining mutu- 45 
ally parallel during such movement. 

4. A pump or motor unit as claimed in 
claim 3 wherein the axis about which the 
rotary cylinder blocks are arranged to tilt 

art parallel to one another. 50 

5. A pump or motor unit as claimed in 
claim 3 or claim 4 including at least one 
link pivotaDy interconnecting the mountings 
of the cylinder blocks to maintain the cylin- 
der blocks with their axes substantially 55 
paraDeL 

6. A pump or motor unit as claimed in 
any precwiing claim wherein all the pumps 
or all the motors forming the unit are hy- 
draulically connected in parallel. 60 

7. A variable displacement pump unit 
incorporating a plurality of small tilting head 
pumps substantially as described with refer- 
ence to Figures 1, 2 and 3 of the accom- 
panying drawings. 65 

8. A motor unit including a plurality of 
simOar small fixed displacement motors of 
the tilting head type substantially as des- 
cribed with reference to Figures 4 and 5 of 

the accompanying drawings. 70 

For the Applicants, 
R J. CLEVELAND & COMPANY. 
Chartered Patent Agents, 
29 Southampton Buildings, 
Chancery Lane, London, W.C2. 
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